Myelodysplastic syndromes (MDS) comprise a heterogeneous group of clonal hematopoietic stem cell disorders characterized by dysplasia, ineffective hematopoiesis leading to peripheral blood cytopenias, and a variable risk of leukemic progression. MDS primarily affects the elderly, and although its prevalence is increasing, MDS is frequently overlooked and underdiagnosed. MDS should be suspected in any patient with unexplained cytopenias, and a bone marrow evaluation is ultimately needed to make the diagnosis and exclude other causes of bone marrow failure. The last 15 years have witnessed significant advances in our understanding of the complex pathogenesis, classification and prognostication, and therapeutic approaches to MDS. Several prognostic models facilitate outcome prediction and risk-adapted therapy. The addition of azacitidine, decitabine, and lenalidomide to erythropoiesis-stimulating agents in our armamentarium offered new effective therapeutic options for many patients who are not candidates for intensive interventions. Improved understanding of the genetic, epigenetic, and immunologic mechanisms that operate in MDS will help develop better prognostication tools and rationally design more effective therapies. Hospitalists are likely to encounter both patients with MDS and patients in whom MDS should be suspected. In this review of MDS, we focus on the epidemiology, diagnosis, pathogenesis, classification and prognostic tools, and treatment options. Myelodysplastic syndromes (MDS) comprise a heterogeneous group of clonal hematopoietic stem cell neoplasms characterized by dysplasia, ineffective hematopoiesis resulting in peripheral blood (PB) cytopenias affecting one or more cell lines, and a variable risk of progression to acute myeloid leukemia (AML). The last 15 years have witnessed significant advances in our understanding of the complex pathogenesis, classification and prognostication, and therapeutic approaches to MDS. As more elderly patients are diagnosed with MDS, encounters with hospitalized MDS patients or patients in whom MDS should be considered in the differential diagnosis are common events for today's hospitalists. In this review, we discuss the epidemiology, diagnosis, pathogenesis, prognostication, and therapies for MDS, with an emphasis on practical aspects that would be useful for hospitalists caring for these patients.
EPIDEMIOLOGY OF MDS
Although MDS is one of the most common hematologic malignancies, MDS remains understudied epidemiologically. 1, 2 Our understanding of the epidemiology improved after the implementation of reporting requirements to cancer registries, especially the Surveillance, Epidemiology, and End Results (SEER) database in 2001. [1] [2] [3] Age-adjusted incidence of MDS in the United States ranged between 3.3 to 4.6 per 100,000 persons per year in the period between 2001 and 2008. 1, 2, 4 The majority of MDS patients are elderly, and because MDS incidence increases with age, the number of patients diagnosed with MDS is expected to continue to rise with the aging population. 1, 2, 5 MDS is more common in men compared to women, and in Caucasians compared to African Americans. 1,2 Different estimates put MDS prevalence in the United States somewhere between 60,000 and 170,000 persons. 2, 6 
DIAGNOSIS OF MDS
Many patients with MDS are asymptomatic at diagnosis and only come to medical attention due to abnormal blood counts done routinely or for other reasons. This contributes to MDS being underdiagnosed. When cytopenias are not severe enough to cause symptoms, it is also frequently overlooked in patients with mild anemia or other cytopenias. 7 Together, being asymptomatic and having relatively mild cytopenias are probably the most important factors that lead to under-recognition of MDS among primary care physicians (PCPs). [7] [8] [9] There is a misconception that anemia is normal in the elderly, and when patients are not symptomatic that a workup is not needed. 6, 7 This is compounded by a lack of awareness of the importance of making a diagnosis in these patients and of currently available therapies for MDS. [7] [8] [9] Anemia is not a normal consequence of aging and is always a pathologic state with an underlying etiology. 6, 7 Because a significant number of elderly patients with unexplained anemia could have MDS, patients with symptomatic or progressive anemia, especially if associated with other cytopenias, should be considered for further evaluation. 7, 9 Diagnosis is important given the recent availability of effective therapies for MDS that can improve anemia, decrease transfusion needs, improve life quality, and potentially increase survival. MDS is generally an indolent disease with a relative stability of blood counts in comparison to AML, so prior blood counts and the tempo of the process is an important consideration. 9, 10 The National Comprehensive Cancer Network clinical practice guidelines recommend exclusion of nutritional deficiencies (iron, vitamin B12, folate) and other causes of anemia (eg, gastrointestinal bleeding, renal insufficiency, and anemia of inflammation), assessment of reticulocyte count and serum erythropoietin level, and evaluation of a PB smear for evidence of dysplasia as important initial steps. 10, 11 Eventually the diagnosis of MDS requires a bone marrow (BM) evaluation to confirm the diagnosis and exclude other BM failure states by evaluating for BM cellularity, cell maturation, dysplasia (which should be present in at least 10% of any the myeloid lineages), percentage of blasts (<20%), iron stores and sideroblasts, cytogenetics, MDS-specific fluorescence in situ hybridization (FISH) panels, flow cytometry, and other special testing. 9, 10 Despite extensive testing, MDS can sometimes be very difficult to differentiate from other bone marrow failure states (eg, hypoplastic MDS from aplastic anemia) (Table 1) . 10, 11 In the absence of significant morbidity related to MDS, the definitive diagnosis of MDS can be usually made on an outpatient basis. It is important to ensure adequate follow-up with PCPs postdischarge and/or outpatient hematologist referral for patients with unexplained cytopenias.
PATHOGENESIS AND ETIOLOGY OF MDS
Ineffective hematopoiesis due to excessive apoptosis of hematopoietic precursors is a prominent feature of MDS, which explains the apparent paradox of hypercellular BM and PB cytopenias. Although not fully understood, complex epigenetic, genetic, and immunologic mechanisms contribute to the pathogenesis of MDS and account for disease heterogeneity. Aberrant silencing of tumor-suppressor and DNA repair genes mediated by hypermethylation of their promoters is believed to play an important part in the pathogenesis of MDS. 12 This theory is supported by the unique sensitivity of MDS to drugs that reverse DNA methylation. Genetic abnormalities not only contribute to the pathogenesis of MDS, but are also among the strongest prognostic indicators for MDS patients, and can also affect therapeutic decisions. Clonal karyotypic abnormalities are observed in 50% of patients with MDS using conventional karyotyping. 12, 13 The most common chromosomal aberrations in MDS include deletions of the long arm of chromosome 5 (del5q), monosomy Y, monosomy 7 (del7) or deletion of its long arm (del7q), trisomy 8, del20q, and complex karyotypes (3 chromosomal aberrations). 12, 13 These cytogenetic abnormalities correlate with the prognosis of MDS (eg, poor prognosis with complex karyotypes and chromosome 7 deletions vs better prognosis with isolated del5q). 12, 13 Recently, FISH assays and genome-wide screening techniques (eg, single nucleotide polymorphism arrays, array-based comparative genomic hybridization, whole genome or exome sequencing) have enabled detection of an increasing number of genetic aberrations and recurrent somatic molecular abnormalities in a significant number of MDS patients (eg, abnormalities of ASXL1, IDH1/IDH2, DNMT3, EZH2, TET2, and SF3B1 genes). 12, 14 Most affected genes are involved in the epigenetic regulation of transcription (DNA methylation and demethylation, histone posttranslational modification) or mRNA splicing. [12] [13] [14] Immunologic aberrations have also been proposed to contribute to pathogenesis of MDS. For example, in early-stage MDS, an aberrant immune attack on myeloid progenitors resulting in increased apoptosis can contribute to BM failure. 15 This is supported by association of some forms of MDS with autoimmune diseases and observed responses in some patients to immunosuppressive therapies. The relative contribution of pathogenetic mechanisms varies between the different MDS subtypes. For example, haploinsufficiency of cell-cycle regulatory and ribosomal protein genes located in the commonly deleted region of 5q play an important role in the pathogenesis of MDS with isolated del5q (5q2 syndrome). 16 Mutations in the RNA spliceosomal machinery gene SF3B have been shown to play a role in the pathogenesis of the MDS subtype refractory anemia with ringed sideroblasts (RARS), with those patients with RARS carrying this mutation having a more favorable prognosis than those with the wild-type gene. 14 Several excellent recent reviews provide detailed discussion of the complex pathophysiology of MDS. [12] [13] [14] 17 Approximately 10% of MDS patients have secondary MDS (MDS occurring after chemotherapy or radiation therapy administration for treatment of another malignancy). 2 Aside from advancing age, the causative factors for the other 90% of cases (primary MDS) are unknown in most patients, although environmental and occupational exposures (eg, smoking, painting, insecticides, pesticides, organic solvents), and genetic syndromes (eg, DNA repair defects such as Fanconi's anemia) are implicated in some patients. 2, 10 Recently, an epidemiologic study found an increased MDS risk with obesity. 18 
PROGNOSTICATION OF MDS
MDS is a form of cancer, and most affected patients eventually die from cytopenic complications or leukemic progression. MDS is not a single disease but rather encompasses a group of heterogeneous subtypes with significantly different natural histories and pace of progression. Therefore, accurate risk stratification of MDS is necessary not only to predict survival and risk of leukemic progression, but also to help choose the most appropriate therapeutic option for individual patients. Information about prognosis should also be utilized when making management decisions with patients for other comorbid conditions (eg, major surgery). Two morphologically based classification systems are commonly used for MDS: the French-American-British (FAB) system and the World Health Organization (WHO) classification (Table 2) , which most recently has supplanted the FAB system as the primary pathologic classification system. [19] [20] [21] Several prognostic models have been developed around the morphologic classifications to better account for relevant clinical and cytogenetic modifiers of this disease. Although some of these models have been validated by different groups, each of these models has limitations. Although the predictions generated by these models are generally accurate for the different prognostic categories to which the patient is assigned, the extent to which the prediction applies to an individual MDS patient can vary significantly. In addition, comorbid conditions affect survival of MDS patients and are not included in the specific scoring systems. For example, congestive heart failure and chronic obstructive lung disease were associated with shortened survival in MDS patients. 18 The International Prognostic Scoring System (IPSS) is the most widely used prognostic tool for MDS (Table 3). 22 In this model, an aggregate score is calculated based on points assigned to the percentage of blasts in BM, the number of PB cell lines affected by cytopenias, and the karyotype. Based on this point score, the patient is assigned to 1 of 4 categories that portend significantly different outcomes: low, intermediate-1 (INT-1), intermediate-2 (INT-2), and high risk. The IPSS was developed from a database of mostly untreated MDS patients and does not account for other important prognostic parameters such as transfusion dependence, depth of cytopenias, and extent/severity of lineage dysplasia. 22 The WHO Prognostic Scoring System was proposed to overcome some of these shortcomings. 23, 24 Efforts to continue to improve the prognostic models further led to a large international collaboration that compiled a much larger database and resulted in the development of a revised IPSS (IPSS-R). 25 New discoveries of novel prognostic epigenetic, genetic, and immunologic determinants will likely result in the ongoing evolution of the current prognostic systems to further improve their discriminatory power. 26 
MANAGEMENT OF MDS
Most patients with MDS were treated historically with supportive measures only. The approval of 3 agents for treatment of MDS including the DNA methyltransferase inhibitors (DNMTi) azacitidine and decitabine, as well as the immunomodulatory agent lenalidomide, in the last decade advanced the care of MDS patients significantly (Table 4 ). Nonetheless, the use of allogeneic hematopoietic stem cell transplantation (alloHSCT) remains the only known curative modality for patients with MDS and should always be considered as a possible therapeutic option. 27 Unfortunately, the majority of patients with MDS are not considered candidates for alloHSCT due to age, comorbidities, and lack of suitable donors. 27 26 Despite recent advances, supportive care for all patients with MDS remains a very important aspect of management, either in combination with other therapies or as sole therapy for frail patients who cannot tolerate further interventions. Supportive therapy focuses on maintaining a high quality of life and includes careful blood count monitoring, use of growth factors, use of transfusions and antibiotics as needed, and use of iron chelation therapy in some patients. Some of the common situations in which hospitalists encounter patients with MDS are listed in Table 5 .
MANAGEMENT OF LR-MDS
In addition to supportive care or enrollment in clinical trials, therapies for LR-MDS include erythropoiesisstimulating agents, lenalidomide, and immunosuppressive therapy.
Erythropoiesis-Stimulating Agents
Anemia in MDS is a multifactorial process that includes ineffective erythropoiesis and suboptimal serum erythropoietin responses. 10, 28, 29 There are no randomized studies to suggest that erythropoiesisstimulating agents (ESA) therapy prolongs survival in MDS patients. Nonetheless, ESAs improve anemia significantly in some patients and are widely used. 30, 31 Approximately 20% to 30% of unselected MDS patients and about 40% of LR-MDS patients achieve clinically meaningful erythroid responses with ESA therapy with a median response duration of 2 years. 30, 31 It is important to correct coexisting nutritional deficiencies (eg, iron or folate deficiency) to optimize responses to ESA. 10 Granulocyte colonystimulating factor can be synergistic with ESAs especially in patients with RARS. 10 Patients with LR-MDS who have low endogenous serum erythropoietin levels (<200-500 mU/mL) and lower red blood cell (RBC) transfusion requirements (<2 U per month) are more likely to respond to ESA therapy. 32, 33 Compared to certain solid tumors, ESA therapy in MDS has not been associated with an increased risk of thromboembolic events. 34 Lenalidomide 5q2 syndrome is a subtype of MDS characterized by refractory macrocytic anemia, normal or elevated platelet counts, low BM blast percentage, small hypolobated dysplastic megakaryocytes, an isolated interstitial deletion in 5q, and an indolent natural history. 17, 35 Lenalidomide, an oral derivative of thalidomide, induces high response rates in LR-MDS patients with 5q deletions, including hematologic improvements, RBC transfusion independence (TI) (56%-67%, median duration >104 weeks), cytogenetic responses (50%-76%), and complete remissions. 35, 36 These findings resulted in approval of lenalidomide (Revlimid; Celgene Corp., Summit, NJ) for patients with IPSS low or INT-1 MDS with transfusion-dependent anemia and 5q deletions with or without additional cytogenetic abnormalities. In addition, lenalidomide has some activity against LR-MDS without 5q deletions (TI, 26%, median duration 41 weeks) and some patients with HR-MDS and 5q deletions (TI, 25.5%, median duration 26 weeks. 37, 38 Therefore, lenalidomide is a reasonable consideration in some patients with LR-MDS without 5q deletions with primary or secondary resistance to ESA therapy. 10 Immunosuppressive Therapy Some patients with LR-MDS respond to immunosuppressive therapy with antithymocyte globulin with or without cyclosporine. Characteristics that correlate with higher response rates: LR-MDS, younger age (<60 years), hypoplastic MDS, normal karyotype, human leukocyte antigen-DR15 histocompatibility type, and presence of a paroxysmal nocturnal hemoglobinuria clone. 10, 39 
MANAGEMENT OF HR-MDS
The goal of management for HR-MDS is to modify the natural history of the disease and to prolong survival. In addition to a supportive care-only approach or clinical trial referral, 3 standard therapeutic approaches are used for patients with HR-MDS: alloHSCT, intensive chemotherapy, and DNMTi therapy. The use of intensive AML-like chemotherapy for HR-MDS is associated with high toxicity and very limited long-term success. Despite recent innovations in the field of transplantation, only a minority of MDS patients undergo alloHSCT, as most patients with HR-MDS are elderly and/or medically infirm. Even for the minority of patients who do undergo alloHSCT, relapse after alloHSCT remains a major challenge.
DNA Methyltransferase Inhibitor Therapy 5-azacitidine (AZA), (Vidaza; Celgene Corp.) and decitabine (DAC) (Dacogen; Eisai, Inc.) are potent inhibitors of DNA methyltransferases, which are enzymes responsible for cytosine methylation. 38, 40 These socalled differentiation agents appear to restore normal hematopoiesis for many MDS patients, and the approved regimens of DNMTi in MDS result in overall response rates in about 40% to 60% of patients. Unfortunately, complete remissions (CR) are rare (10%-20%) and the duration of responses are also somewhat limited (median CR duration, 10 to 14 months). [41] [42] [43] [44] In randomized clinical trials, both AZA and DAC resulted in significant improvements in blood counts, reduction in transfusion needs, reduced infection rates, decreased risk of progression to AML, and improvements in patient-reported quality-of-life measures. [41] [42] [43] [44] AZA, but not DAC, prolonged survival in HR-MDS patients in a large randomized trial (median overall survival for the AZA group was 24.5 months compared to 15 months for a group of patients treated with 1 of 3 conventional care regimens). [41] [42] [43] [44] AZA and DAC have not been compared head to head in trials, but most experts recommend AZA for first-line use in HR-MDS based on its effect on survival. 10 AZA and DAC have also been studied as treatments for patients with AML. These agents differ from traditional intensive chemotherapy, as both agents are commonly administered on an outpatient basis, and hematologic responses are generally expected after 4 to 6 cycles of treatment as compared to a single course of intensive cytarabine-based induction chemotherapy used to treat AML. 45 Additionally, the impact on survival may not require the achievement of a CR based on the finding that MDS patients saw improved survival even in patients whose best responses were hematologic improvements. 46 However, therapy with DNMTi is not curative, and patients are maintained on treatment as long as they are responding and not experiencing major side effects. Still, all patients will eventually lose response to DNMTi.
CONCLUSIONS
MDS is a form of cancer that largely affects elderly patients and leads to a BM failure state and increased risk of leukemic transformation. MDS is underdiagnosed and is frequently overlooked in the differential diagnosis of anemia in the elderly. DNMTi, lenalidomide, and ESA therapy offer effective therapeutic options for many MDS patients, including some considered too old or frail for intensive medical interventions. The use of prognostic models help physicians and patients better understand the common course of patients with MDS and facilitate tailoring of riskadapted therapy. It is expected that our improved understanding of the genetic, epigenetic, and immunologic mechanisms that operate in MDS will help develop better classification tools and rationally design effective new therapies.
